CRYOGENIC COUPLING DEVICE 


FIELD OF THE INVENTION 


CROSS REFERENCE TO RELATED CASES 

The present application claims the benefit of the filing date of U.S. Provisional 
Application Serial No. 60/408,388; filed September 4, 2003, the disclosure of which is 
expressly incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to valved nozzles which mate with valved 
receptacles to transfer fluids such as cryogenic fluids. 

BACKGROUND OF THE INVENTION 

Coupling devices are known for transferring fluids from a storage tank into a 
mobile tank or other container such as found on an automobile, bus, truck, aircraft, etc. 
For certain fluids, for example, cryogenic fluids (e.g., liquid nitrogen, liquid argon, liquid 
oxygen), the coupling must be robust and able to withstand particularly difficult fueling 
environments (e.g., it must prevent coupling freeze-up). It is also important that the 
coupling prevent spills and have dimensions which minimize the clearance necessary for 
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coupling the nozzle to the receptacle. It is further important that the coupling have ease 
of operation for various skill levels of operators, and be economically friendly. 

Certain nozzles and receptacles are known which substantially satisfy these 
demands and provide easy coupling and uncoupling of the nozzle from the receptacle. 
5 For example, a series of coupling devices available from the assignee of the present 
invention for liquid natural gas (LNG) applications include a valved nozzle and valved 
receptacle which are releasably interconnected by a locking collar, and have interface 
sealing surfaces to prevent fluid leakage. The nozzle interface sealing surface is arranged 
on a carrier that is axially slideable relative to the nozzle housing. The carrier also 

10 provides a valve seat for the nozzle valve. An actuator lever on the nozzle moves both 
the nozzle valve poppet toward and away from the nozzle valve seat as well as the nozzle 
interface sealing surface toward and away from the receptacle interface sealing surface. 
The interface sealing surfaces are brought together before the receptacle and nozzles 
valves are opened during connect, and are maintained together until after the valves are 

15 closed for disconnect. Any fluid trapped between the closed valves and the interface 
sealing surfaces is vented before disconnect as the actuator lever is moved to a disconnect 
position. 

In such prior coupling, the receptacle includes an annular flange with radially- 
outward projecting lugs which are received in appropriately-spaced slots in the locking 

20 collar at the front end of the nozzle. When the locking collar is rotated, the lugs are 
engaged by the locking collar to retain the nozzle on the receptacle. It is also known to 
provide helical slots along the nozzle, which receive radially-outward projecting pins on 
the receptacle. Rotation of the locking collar on the nozzle (or of the nozzle itself in 
some designs) pulls the nozzle toward the receptacle for secure attachment. The open 

25 end of the nozzle internally receives the end of the receptacle. 

Such a coupling device has received widespread acceptance in the marketplace. 
Nevertheless, the above -described coupling device has a number of components which 
are fairly complicated, and require significant time and effort to manufacture and 
assemble, as well as to rebuild during normal repair and maintenance. The components 
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are also fairly complicated to manufacture and assemble. In addition, while the interface 
seals of this coupling device are field-serviceable, it is believed there is a demand for 
improved interface seal design which is more reliable and does not require as frequent 
servicing and maintenance. It is therefore believed there is a demand in the industry for a 
5 further improved coupling device, particularly for fluids such as cryogenic fluids, which 
overcomes at least some of these drawbacks, and which retains many of the features and 
advantages of assignee's prior coupling designs. In addition, it is also believed there is a 
demand for different coupling structures to securely couple the nozzle to the receptacle, 
and which allow venting of the coupling before full disconnect. 

10 SUMMARY OF THE INVENTION 

The present invention thereby provides an improved coupling device, particularly 
suitable for cryogenic fluids, which is robust, able to withstand harsh fueling 
environments, prevents spills, has a small size to reduce the clearance necessary for 
coupling the nozzle to the receptacle, and has many of the other features and advantages 
15 of prior coupling devices, but which is also simpler and easier to manufacture and 
assemble; is easier to rebuild; and has an improved interface seal design with an extended 
service life. The coupling device also has a unique coupling structure which securely 
couples the nozzle to the receptacle and allows venting of the coupling before full 
disconnect, 

20 According to the present invention, the receptacle has a poppet valve supported 

internally within an inner valve body; and an outer collar or sleeve, surrounding the inner 
valve body, within a series of bearings spaced circumferentially around an interior 
surface and projecting radially inward. The inner valve body and outer collar define a 
receiving cavity. 

25 The nozzle also includes a valve body which internally supports a poppet valve, 

and which is received within the receiving cavity of the receptacle. A handle assembly 
including a nozzle collar is rotatably secured to the valve body of the nozzle. A series of 
helical channels are provided around the exterior surface of the nozzle collar. The 
channels are dimensioned to receive the bearings on the collar of the receptacle. Rotation 
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of the handle assembly causes the nozzle to be pulled toward the receptacle for secure 
engagement. Upon connect, the poppet valves in the nozzle and the receptacle open to 
allow fluid flow therebetween. 

The helical grooves on the nozzle include a geometry which retains the nozzle 
5 and receptacle in a vent position, to allow fluid to escape before full disconnect. This 
geometry is preferably a detent notch toward the outer end of the helical flights which 
retains the bearings until additional rotational effort is used to move the bearings entirely 
out of the groove. 

The handle assembly of the nozzle includes channels or openings to allow air 

10 flow in and around the fitting - to prevent freeze-up of the coupling device during 
fueling. The rotatable handle assembly is also isolated from the fluid path to prevent heat 
transfer and freeze up around the points of rotation. The handle assembly can be easily 
removed from the valve body for service and maintenance by removal of a retaining ring. 
The nozzle includes an interface seal which includes first and second annular 

15 seals that function as ice and containment scrapers, as well as fluid seals. The seals can 
be easily removed from the valve body by removing a retaining ring. 

The bearings of the receptacle can also be easily removed for service and 
maintenance without disassembling the entire receptacle. The bearings are likewise 
isolated from the fluid path to prevent freeze up. 

20 As such, the present invention provides an improved coupling device, particularly 

suitable for cryogenic fluids, which is robust, able to withstand harsh fueling 
environments, prevents spills, has a small size to reduce the clearance necessary for 
coupling the nozzle to the receptacle, and has many of the other features and advantages 
of prior coupling devices; and which is also simple and easy to manufacture and 

25 assemble; is easy to rebuild; and has an improved interface seal design with an extended 
service life. The coupling device also has a unique coupling structure which provides 
secure attachment of the nozzle to the receptacle, and allows venting of the coupling 
device before full disconnect. 
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Further features of the present invention will become apparent to those skilled in 
the art upon reviewing the following specification and attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an elevated perspective view of a nozzle for a coupling device 
5 constructed according to the principles of the present invention; 

Figure 2 is a elevated perspective view of a receptacle for the coupling device 
constructed according to the principles of the present invention; 

Figure 3 is a cross-sectional side view of the coupling device; 
Figure 3A is an enlarged view of a portion of the coupling device illustrated in 
10 Figure 3; 

Figure 4 is a cross-sectional side view of the nozzle taken substantially along the 
plane described by the lines 4-4 of Figure 1; 
Figure 5 is an end view of the nozzle; 

Figure 6 is a cross-sectional side view of the receptacle taken substantially along 
15 the plane described by the lines 6-6 of Figure 2; and 

Figure 7 is an end view of the receptacle. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawings and initially to Figures 1-3, a coupling device is 
indicated generally at 10, and includes a nozzle, indicated generally at 12, and a 

20 receptacle, indicated generally at 14. The nozzle 12 and receptacle 14 are formed of 
appropriate materials, such as hardened stainless steel. The coupling device of the 
present invention is particularly useful for coupling together fluid lines for use in 
transferring fluid such as cryogenic fluids, from one tank or container to another; 
however, it should be appreciated that the present invention could be used for a variety of 

25 fluids and is not necessarily limited to cryogenic fluids. Likewise, although the coupling 
device is particularly useful for coupling together fluid lines for use in transferring fluid 
from a storage tank to a mobile tank or container such as found on a vehicle or aircraft, 
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these are only a few examples of such use, and the coupling device could be used in a 
wide variety of applications to transfer fluid from one location to another. 

With the above in mind, in one application, the receptacle of the coupling device 
is incorporated into a bus or truck, and is connected by a fluid line to a tank on such a 
5 vehicle; while the nozzle is incorporated into a pump or other dispensing device and is 
likewise connected by a separate fluid line to a storage tank. When the tank on the 
vehicle needs to be refilled, the nozzle is used to introduce fresh fluid into the vehicle 
tank from the storage tank. To facilitate grasping and using the nozzle, the nozzle 
includes a handle assembly 20 including a gripping portion 22 of any appropriate 

10 configuration, and an annular sleeve 24. The gripping portion 22 and sleeve 24 can be 
fixed together in any appropriate manner, such as by welding or mechanical fastener. 
The annular sleeve includes one, and preferably a series of openings as at 26, which 
reduce the weight of the nozzle (preferably without any appreciable loss in strength) and 
allow air flow internally of the sleeve as will be described more fully below. 

15 An annular collar 30 is located internally of sleeve 24 and has a radially-inward 

projecting flange 31 at its rear downstream end, which abuts against an internal shoulder 
32 of the sleeve. The collar projects axially forward, externally of the sleeve, to a 
downstream end 33. Collar 30 is illustrated as being rotationally and axially fixed to the 
sleeve 24 using a series of screws 34 received in throughbores 35 in sleeve 24 and in 

20 corresponding threaded, blind-end bores 36 in collar 30, although collar 30 could 
alternatively be formed unitarily (or one piece) with sleeve 24. It is noted that in the first 
case, screws 34 can be easily removed if it is desired to remove sleeve 24 from collar 30, 
such as for servicing or repair, or for easy replacement of the gripping portion 22 with 
another style of gripping portion. In any case, nozzle collar 30 includes a series of 

25 helical (or spiral) channels 40 along the outer surface of the collar, and opening radially 
outwardly therefrom. Each channel is preferably identical, and has an entrance opening 
41 at the downstream end 33 of the collar, sidewalls 42, and projects helically inward 
from the entrance opening to an end wall 43. Preferably, three of such channels 40 are 
provided, in evenly-spaced relation around the collar. A detent notch 44 is provided in an 
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outer of the sidewalls 42 toward the outer end of each of the channels 40, proximate the 
entrance opening 41. The reasons for notch 44 will be described more fully below. The 
geometry (e.g., depth, width and length) of the channels will also be described more fully 
below. 

5 A series of small openings as at 45 are provided around the circumference of the 

nozzle valve body to allow moisture and condensation therefrom. 

The nozzle further includes an internal annular fitting 46 with an internal fluid 
passage 47 leading to a threaded end portion 48. The threaded end portion 48 is 
conventional and allows appropriate fluid lines (not shown) to be attached. Appropriate 

10 geometry 49 (e.g., flats) is provided on the exterior surface of the fitting to facilitate 
connection with the fluid lines. An annular valve body 54 is received about the 
downstream end of the fitting 46, and also has an internal fluid passage 55. The valve 
body 54 is rotationally and axially fixed to the fitting such as with a threaded connection 
as at 56. The valve body abuts a radially-outward projecting annular stop 58 of the fitting 

15 to properly axially locate the valve body with respect to the fitting. An O-ring 60 or other 
annular sealing device can be located between the inner end of the valve body and the 
annular stop of the fitting to ensure a fluid-tight seal therebetween. 

The nozzle collar 30 and handle assembly 20 are fixed to the fitting 46 in a 
manner which allows relative rotational movement, as well as easy removal of the nozzle 

20 collar and handle assembly from the fitting. To this end, the valve body includes a 
radially-outward projecting annular flange 64 (Figure 3) toward its upstream end which 
defines a shoulder 66. A bushing 68 is supported on the shoulder 66 and rotationally 
supports the annular flange 31 of the collar 30 (see, e.g., Figure 3). A second bushing 72 
is located between the fitting 46 and the rear upstream end of the sleeve 24. The 

25 bushings 68, 72 allow relative rotation of the handle assembly and collar with respect to 
the fitting and valve body, and are formed from an appropriate material, such as ultra 
high molecular weight polyethylene. The bushings also thermally isolate the handle 
assembly from the fitting, and the cold flow of fluid therethrough. The handle assembly 
20 and collar 30 are axially retained on the fitting and valve body by abutting contact 
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(supported again, by the bushing 68) between the downstream end surface of the annular 
flange 3 1 on the collar - and a retaining ring 74 at the upstream end of the sleeve 24. An 
annular washer 76 (formed from e.g., aluminum) is provided between the retaining ring 
74 and the upstream end of the fitting to facilitate rotation. 
5 As can be appreciated, once retaining ring 74 is removed, the handle assembly 20 

and collar 30 can be removed (slid-off) from the fitting and valve body. The valve body 
54 can then be accessed, and removed (unscrewed) from the fitting for repair and 
maintenance. 

As should also be appreciated, while the handle assembly 20 and collar 30 are 
10 free to rotate relative to the fitting 46, they are also isolated from the fluid path through 
passage 47. As such, there is no potential for fluid leakage between the bushings. The 
sleeve 24 of the handle assembly 20 is radially outward spaced from the fitting 46, and 
openings 26 allow air flow around an extent of the fitting to maintain the fitting at 
appropriate temperatures during fueling, such as to prevent freeze-up of the bushings 68, 
15 72, as well to prevent freeze-up of the remaining coupling structure of the nozzle and 
receptacle. 

The valve body 54 has a downstream end 80 with a tapered outer surface to 
facilitate insertion of the collar into the receptacle. Referring now to Figure 3A, an 
interface seal, indicated generally at 82, is also supported on an exterior surface toward 

20 the downstream end of the valve body. The interface seal 82 preferably comprises a pair 
of annular sealing elements 84, 85, with downstream sealing element 84 being supported 
between a retaining ring 88 and a seal washer 89, and an upstream sealing element 85 
being supported between the seal washer 89 and a shoulder 90 on the valve body 54. The 
downstream sealing element 84 preferably has an downstream-opening U or V-shaped 

25 configuration, and functions as an ice and containment scraper as well as a fluid seal. 
The upstream seal also preferably has a downstream-opening U or V-shaped 
configuration, but functions primarily as a fluid seal. The sealing elements 84, 85 are 
made from a material, such as ultra high molecular weight polyethylene or 
polytetrafluoroethylene, as appropriate for the particular application. 
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Referring again to Figures 3 and 4, the valve body 54 supports an internal poppet 
valve, indicated generally at 94. Poppet valve 94 includes an enlarged valve head 95 
with an axial post 96 which is moveably received in a spider or flange 97 (see also, 
Figure 5) fixed to the downstream end of the fitting. A spring 98 biases the valve head 
5 forwardly/downstream in the valve body, against a valve seat 99. A seal 100 at the 
forward end of the valve head provides a fluid-tight seal with the valve seat when the 
poppet valve is closed (Figure 4). When the poppet valve 94 is open (Figure 3), flow is 
allowed through passage 47 in the fitting and passage 55 in the valve body. The above- 
described poppet valve is only one type of valve appropriate for the present invention, 

10 and it should be appreciated that other types of valves could likewise be used. 

Referring now to Figures 2, 3, 6 and 7, the receptacle 14 also includes an annular 
valve body 102 having a central flow passage 104. A fitting 106 is fixed (such as by a 
threaded connection) to one end of the valve body and includes an internal fluid passage 
107 leading to a conventional threaded end portion 108 to enable connection with an 

15 appropriate fluid line (not shown). Appropriate geometry 1 10 (e.g., flats) is provided on 
the exterior surface of the fitting to facilitate connection with the fluid lines. 

A poppet valve, indicated generally at 114, is supported internally of the valve 
body 102. Poppet valve 114 preferably has the same structure and function as the poppet 
valve 94 described above, and includes an enlarged valve head 116 which is biased 

20 forwardly/upstream by spring 118 into sealing engagement with a second valve seat 119. 
A spider or flange 120 supports an axial post 121 of the poppet valve for axial movement. 
As with the first poppet valve, a seal 122 carried by the valve head provides a fluid tight 
seal with the valve seat when the poppet valve is in a closed position (Figure 6). When 
the second poppet valve is open (Figure 3), flow is allowed through fluid passage 104 in 

25 the fitting and passage 107 in the valve body of the receptacle. 

An annular collar 126 likewise outwardly surrounds the valve body of the 
receptacle. The collar 126 and valve body 102 together define an annular receiving 
cavity, indicated generally at 127. Collar 126 has a radial flange 128 at one end which is 
fixed, such as by welding, to a short annular flange 130 on the receptacle valve body. A 
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series of circumferentially-extending openings 132 are provided around the collar for 
weight reduction and to facilitate air flow around the receptacle and the nozzle during 
fueling. 

The upstream end of the receptacle collar supports a series of bearings, as at 1 34. 
5 Bearings 134 are preferably also formed of appropriate material, such as hardened 
stainless steel, and are evenly spaced-apart around the inner surface of the collar, toward 
the open end of the receptacle. Each bearing includes a central, radially-extending post 
136 threadably received in an opening in the wall of the collar, and an annular roller 138 
carried by the radially inner end of the post (see, e.g., Figure 6). Bearings 134 are 

10 dimensioned and spaced so as to be received in the entrance openings 41 of the helical 
channels 40 in the nozzle, and the helical channels 40 likewise have an appropriate width 
and depth to receive the rollers. The bearings smoothly ride along the sidewalls 42 of 
their respective channels to align and guide the nozzle and to pull the nozzle into secure 
attachment with the receptacle as the nozzle is rotated. The bearings ride in the channels 

15 until they abut end walls 43. The helical length of the channels is preferably such that 
the nozzle is fully secured to the receptacle after about 90° of rotation, however this can 
vary depending upon the particular application. The bearings can be easily accessed, and 
removed and replaced if necessary, by simply unscrewing the central posts 136 from the 
respective holes in the receptacle collar. 

20 While roller bearings are preferred as the locking device to secure the nozzle to 

the receptacle, it should be appreciated that other bearing structures could be used; and in 
an even broader sense, that merely a series of radial projections, pins or other locking 
devices could be provided around the collar to ride up along the channels and bring the 
nozzle together with the receptacle. 

25 A series of small openings as at 140 are provided around the circumference of the 

receptacle valve body to any trapped pressure to vent to atmosphere. 

The channels (e.g., circumferential spacing of entrance openings, geometry (e.g., 
width), etc.) and/or roller bearings can be particularized ("keyed") for different fluids, to 
prevent accidental introduction of the wrong nozzle into a receptacle. 
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The valve body 102 of the receptacle has an internal dimension which closely 
receives the valve body 54 of the nozzle. The tapered downstream end of the nozzle 
valve body facilitates inserting the nozzle valve body into the receptacle valve body 
during connect. Upon connect, the nozzle is rotated, that is, the handle assembly 20 is 
grasped by the user and the handle assembly 20 and nozzle collar 30 are rotated while the 
fitting 46 and nozzle valve body 54 remain essentially stationary. As described above, 
the bearings 134 on the receptacle enter the entrance openings 41 of the helical channels 
40 on the nozzle. Upon further rotation, the bearings 134 ride up along the helical 
channels, bringing the nozzle and the receptacle together. As the bearings ride up the 
channel, the interface seal 82 on the forward end of the nozzle valve body fluidly seals 
against the inner surface of the receptacle valve body. As this occurs, the poppet valves 
94 and 1 1 4 of the nozzle and receptacle engage and move each other backwardly away 
from their respective valve seats to open up a flow passage through the nozzle and 
receptacle. When the nozzle is rotated such that the bearings 134 engage the end walls 
43 of the helical channels, the poppet valves are in their fully open positions to minimize 
the pressure drop across the coupling device. 

It should be appreciated that the bearings are also isolated from the fluid path 
when the nozzle is coupled to the receptacle. 

During disconnect, the handle assembly is rotated in the opposite direction, and 
the bearings 134 ride down along the flights to move the nozzle outwardly from the 
receptacle. In so doing, the poppet valves 94, 114 close and the interface seal 82 on the 
nozzle valve body moves out of sealing contact with the receptacle valve body. The 
bearings 134 come to rest in the detents 44 along the length of the channels after the 
poppet valves are closed, which allows the coupling device to vent any remaining 
pressure between the poppet valves thru vent holes 140 before the nozzle is fully 
disconnected from the receptacle. Upon further rotation of the nozzle to cause the 
bearings to move out of the detents, the bearings exit the channels and the nozzle can be 
fully removed from the receptacle at zero pressure between the poppet valves. 
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As described above, the present invention provides an improved coupling device, 
particularly suitable for cryogenic fluids, which is robust, able to withstand harsh fueling 
environments, prevents spills, has a small size to reduce the clearance necessary for 
coupling the nozzle to the receptacle, and has many of the other features and advantages 
of prior coupling devices, and which is also simple and easy to manufacture and 
assemble; is easy to rebuild; and has an improved interface seal design with an extended 
service life. The coupling device also has a unique coupling structure which provides 
secure attachment of the nozzle to the receptacle, and allows venting of the coupling 
device before full disconnect. 

The principles, preferred embodiments and modes of operation of the present 
invention have been described in the foregoing specification. The invention which is 
intended to be protected herein should not, however, be construed as limited to the particular 
form described as it is to be regarded as illustrative rather than restrictive. Variations and 
changes may be made by those skilled in the art without departing from the scope and spirit 
of the invention as set forth in the appended claims. 


